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水杨酸与胞内活性氧结合产生 2, 3-二羟基苯甲酸，其与 FeCl3 反应，诱发荧光猝
灭，据荧光信号变化值间接测定胞内活性氧含量。 SA-CDs 表面酚羟基可与 Fe3+
快速反应生成紫色络合物 [Fe(C7H6O3)6]3-, 该络合物可被胞外活性氧诱导分解，
颜色逐渐恢复至黄色，用比色法于波长λ525 检测胞外活性氧含量。胞内和胞外
检测法均具线性范围广(6-9.6×105 ng·L-1 和 3-2400 ng·L-1)、精密度高(相对标准偏

















法限比高效液相色谱法 (同以水杨酸为捕获剂 )低 105 倍。胞外检测法与
PeroxiDetect™ Kit 法检测结果不存在显著性差异且检测限低 28 倍。 
以 CDs 为荧光检测剂，CDs 对 Cu2+具较高的选择特异性，因 Cu2+与 CDs 分
子中的-COOH 和-NH2 作用形成不发荧光的配合物导致荧光快速猝灭，据 CDs
荧光信号变化来测定胞内 Cu2+含量。此法与国家标准法(水质铜的测定—2,9-二甲
基-1,10-菲啰啉分光光度法)检测结果不存在显著性差异。将已标记的威氏海链藻
(Thalassiosira weissflogii, CCMA-102) 和小球藻(Chlorella vulgaris, CCMA-410)
培养基中分别加入 4 种不同形态的铜 (卟啉铜(Cu-Por)、邻苯二甲酸铜(Cu-H2Lp)、
Cu-EDTA 和 Cu2+)， 各分两组(暗处理和光照组)。结果发现：暗处理组两种浮游
植物胞内 CDs 荧光仅能被 Cu2+猝灭，说明只有 Cu2+能透过膜孔进入胞内与 CDs
结合；铜有机配合物可被光降解为 Cu2+进入胞内，诱发 CDs 荧光猝灭，据荧光
猝灭程度，可得配合物分解速率为 Cu-Por ﹥Cu-H2Lp﹥Cu-EDTA，与配合物的





过细胞密度、蛋白质、叶绿素 a (Chl a)、丙二醛(MDA)、超氧化岐化酶(SOD)、







影响均存在显著的正相关关系，如铜和锌间的相关系数 r 高达 0.989；胞内外活
性氧之间亦呈明显正相关关系(r = 0.953, p < 0.05)。海水酸度和盐度下降耦合对细





















促进抗氧化能力(SOD 酶活性增强)和脂质过氧化(MDA 含量上升)。  
3. 石油烃污染对小球藻生理生态及微量元素摄取量的影响 
研究了小球藻在含或不含石油烃 (WSF)培养基中 30 代不断繁殖后细胞中 β
胡萝卜素、Chl a、 SOD、 MDA、光致产生活性氧和微量元素摄取量等影响，















































Phytoplankton is the main primary productivity in the marine ecosystem 
environment. It occupies a fundamental role in the marine ecosystem energy flow and 
material circulation. Increased greenhouse gas CO2 emissions lead to increased global 
temperatures, decreased sea ice coverage, and rose sea levels, which may lead to a 
decrease in seawater acidity and salinity. With the development of the petroleum 
industry, offshore oil development, and shipping industry, marien oil spill accidents 
occur frequently around the world. Petroleum hydrocarbon pollution has become the 
main global of the marine pollutants. 
In this paper, the influence of reduced seawater acidity, salinity and petroleum 
hydrocarbon pollution on physiological and ecological responses of marine 
phytoplankton and their effects on the biogeochemical cycling of microelements was 
discussed. The physiological and ecological change of phytoplankton was studied by 
four parameters, such as biomass, antioxidant capacity, lipid peroxidation, and 
photo-induced production of reactive oxygen species. CDs as a tracer and a 
fluorescence detector to measure the contents of reactive oxygen species (ROS) and 
Cu in algae cells firstly. The effects of seawater acidity, salinity and petroleum 
hydrocarbon pollution on its resistance to stress and trace elements uptake were 
investigated. The innovative results are as follows: 
1. New method of carbon quantum dots on phytoplankton reactive oxygen 
species determination in vitro/vivo and metal complexes bioavailability analysis  
At present, quantitative analysis of ROS commonly used electron spin resonance, 
chromatography and fluorescence analysis. However, the electron spin resonance and 
chromatographic analysis techniques have high precision, there are some defects such 
as expensive experimental equipment, complicated experiment process, large 
detection workload and limited factors. Fluorescence analysis technology because of 
its fast and accurate, high sensitivity, high simplicity of data acquisition, high 
resolution microscopic imaging advantages. This technique can be widely used as a 

















This experiment is based on the stability of CDs fluorescence signal, small size, 
compared with other fluorescent quantum dots with good water solubility, low 
biological toxicity, easy to large-scale synthesis and functional modification, low cost 
and moderate reaction conditions, etc., can quickly and simply determine the the 
contents of ROS in phyplankton.  
CDs was surface modification with salicylic acid (SA), introduced into the 
cytoplasm of phytoplankton through membrane pore. Salicylic acid was combined 
with ROS to produce 2, 3-dihydroxybenzoic acid, which reacts with FeCl3 to induce 
fluorescence quenching. According to the change of fluorescence signal, the 
intracellular ROS content was measured indirectly. The phenolic hydroxyl groups of 
SA-CDs reacted with Fe3+ to form purple complex [Fe (C7H6O3)6]3-. The complex was 
decomposed by reactive oxygen species and the color recovered to yellow color. The 
concentration of extracellular ROS could be detected at λ525. Both intracellular and 
extracellular detection have advantages of wide linear range (6-9.6 × 105 ng·L-1 and 
3-2400 ng·L-1, respectively), high precision (6.38% and 2.19%, respectively), and low 
detection limit (5.32 ng·L-1 and 1.21 ng·L-1, respectively). The limit of intracellular 
detection is 105 times lower than that of high performance liquid chromatography 
(with salicylic acid as a capture agent). There was no significant difference between 
the extracellular method and PeroxiDetect ™ Kit assays and the detection limit was 
28-fold lower.  
CDs as fluorescence detectors, CDs on Cu2+ with a high selectivity specificity, 
because the reaction between Cu2+ and -COOH/-NH2 in CDs molecules in the 
formation of non-fluorescent complexes lead to rapid fluorescence quenching, 
according to intracellular CDs fluorescence signal change to determine the Cu2+ 
content. Porphyrin copper (Cu-Por), copper phthalate (Cu-H2Lp), Cu-EDTA, and 
Cu2+ were added to the medium of Thalassiosira weissflogii (CCMA-102) and 
Chlorella vulgaris (CCMA-410) respectively. Each divided into two groups (dark 
treatment and light group). The results showed that the fluorescence quenching of 
CDs in the two microalgae was only in the Cu2+ system, indicating that only Cu2+ 
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